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1. Zusammenfassung 
Obwohl Brutkolonien im Tierreich weit verbreitet sind, ist es bis heute unklar 
warum viele Tierarten in Kolonien leben. Insbesondere Vögel nisten bevorzugt 
in Kolonien, aber auch bei Fischen kann dieses Brutverhalten beobachtet 
werden. Um Koloniebildungsmechanismen zu untersuchen eignen sich Fische, 
da sie leicht zu halten und einfacher  zu manipulieren sind. Deshalb wählten wir 
Neolamprologus caudopunctatus als Modellorganismus. Dieser monogame 
Buntbarsch ist endemisch im Tanganjika See, brütet in Kolonien und beide 
Eltern beteiligen sich an der Brutpflege. 
In drei Experimenten haben wir untersucht aus welchen Gründen N. 
caudopunctatus in Kolonien brütet. Im ersten Experiment, haben wir Pärchen 
zwischen zwei unterschiedliche Habitattypen wählen lassen und ihren 
Bruterfolg ermittelt. Im zweiten Experiment konnten sich jeweils sechs Pärchen 
entweder einmal unter hohem Raubdruck oder einmal ohne Raubdruck in 
einem semi-natürlichen Habitat niederlassen und Brutterritorien etablieren. 
Anhand der Wahl der Brutplätze, konnten wir mittels eines Aggregations-
Indexes feststellen ob Brutpaare sich aggregieren oder nicht. Wir untersuchten 
weiters, ob die Paare sich unterschiedlich verteilen in Abhängigkeit des 
Raubdrucks. Im dritten Experiment haben wir ein Paar entscheiden lassen ob 
es bevorzugt neben einem leeren Brutplatz oder einem Brutplatz, besetzt mit 
einem anderen Paar, brütet. Sobald das Paar gewählt hatte, präsentierten wir 
Räuber um Revierverteidigungsverhalten beider Paare auszulösen und zu 
messen. Wir präsentierten die Räuber an vier verschiedene Stellen um 
synchrone Verteidigung beider Paare mit Einzelverteidigungen zu vergleichen. 
Im ersten Experiment zeigte sich, dass N. caudopunctatus bevorzugt in 
Blumentöpfen im Gegensatz zu Schneckenhäusern brütet. Im zweiten 
Experiment konnten wir keine Aggregation der Brutplätze erkennen, weder mit 
noch ohne Raubdruck. Im dritten Experiment konnten wir feststellen, dass 
Paare den Brutplatz in der Nähe eines anderen Paares bevorzugen. Auch 
profitierten die Paare von dieser Wahl, da sie dank der Verteidigung des 
Nachbarn weniger in die eigene Brutplatzverteidigung investieren müssen ohne 
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dass sich der gesamte Verteidigungsaufwand verringerte.  
Zusammenfassend haben wir gezeigt dass N. caudopunctatus Paare, 
Brutplätze mit Nachbarn bevorzugen und von diesen bei der 
Brutplatzverteidigung profitieren. Außerdem konnten wir mit unserer 
Messmethode keine Aggregation zeigen und des weiteren dass Blumentöpfe 
als Brutplatz bevorzugt werden.
 
2. Abstract 
Colonial breeding is widespread, especially in vertebrates. Birds are well 
established model organisms to study the mechanism of colonial breeding. 
However colonies are not restricted to birds also fish form colonies.  
Our model organism for studying the mechanisms of colony formation is 
Neolamprologus caudopunctatus. This cichlid is a biparental substrate breeder, 
endemic to Lake Tanganyika and breeds in dense aggregations. To obtain 
knowledge about the mechanisms driving the evolution of colonies, we 
conducted three experiments. In the first experiment we observed N. 
caudopunctatus pairs to determine between an easy accessible habitat and a 
more secure habitat: half flowerpots and snail shells. For the second experiment 
we released six males and six females in a semi-natural habitat to assess if 
pairs aggregate with or without natural predation, respectively. We conducted a 
third experiment to consider if pairs of N. caudopunctatus prefer to breed near 
neighbours and if pairs profit from their neighbours in terms of nest defence.  
We found that N. caudopunctatus pairs prefer to breed near neighbors and 
benefit from the assistance of neighbors in attacking predators. Furthermore we 
could not detect an aggregated settling pattern neither with nor without 
predation and that pairs prefer to breed in half flowerpots compared to snail 
shells.  
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3. Introduction 
Colonial breeding, where individuals breed in densely aggregated territories, 
providing nothing else but nest sites, occurs in many vertebrates, such as 
reptiles, marine mammals and especially seabirds. Since decades coloniality is 
a central issue in evolutionary ecology (Danchin and Wagner 1997).  
There are many costs of living in groups like increased transmission of parasites 
and diseases, increased risk of cuckoldry, infanticide and competition for food 
and mates (Danchin and Wagner 1997). 
For decades two theories, which try to identify benefits that outweigh the costs 
of communal breeding, dominated the scientific discussions: 
1. The enhanced food finding hypothesis: 
The main benefit of colonial breeding is the facilitated information transfer 
about food locations among the colony members. This information 
transfer increases the foraging efficacy of individuals, especially if the 
food resource occurs in dense, but rare, patches, which are 
unpredictable in time and space (Ward and Zahavi 1973).  
2. The reduced predation hypothesis: 
Many animals live in groups for protection against predators. There are 
multiple reasons why animals are safer from predators within a group as 
opposed to single individuals. The most frequently investigated aspects 
are increased vigilance and the dilution effects of groups. In groups 
individuals can reduce their investment in vigilance without increasing 
their risk of failing to detect an attack. Furthermore within a group, the 
chance being predated is much lower (= dilution effect) (Krause and 
Ruxton 2002). Group defence is an additional important factor 
concerning group living in colonial breeding animals. The defence in a 
group enables animals to defend territories that are not defendable for a 
single breeding pair (Clode 1993). 
Recently ecologists started to address coloniality not in a framework of cost and 
benefit calculations but more as a by-product from other factors. Two 
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hypotheses became prominent, dealing with habitat selection and sexual 
selection (Wagner et al. 2000): 
1. Colonies as a by-product of habitat selection 
The number and quality of offspring by conspecifics probably allows the 
best assessment of the current breeding habitat (Danchin et al. 1998). 
While breeding adults can compare their own breeding experience with 
that of neighbouring pairs, first time breeders gain information on habitat 
quality from conspecifics before they choose their breeding habitat 
(Boulinier and Danchin 1997). For example (Doligez et al. 2002) 
manipulated local reproductive success of collared flycatchers (Ficedula 
albicolis). They experimentally created plots where the mean number of 
fledglings per breeding pair was increased, decreased or left unchanged. 
Afterwards they recorded immigration- and emigration rates of each 
individual within every plot. With this experimental design they could 
show that collared flycatchers use offspring quality and quantity of 
conspecifics to assess their breeding habitat. 
2. Colonies as by-products of sexual selection 
The hidden-lek hypothesis predicts that males cluster in response to 
females seeking extra-pair copulations. In promiscuous species males 
aggregate in mating arenas called leks, which enables females to 
compare and choose the best mate. Females acquire only gametes from 
males and after copulations males and females leave the arena. The 
same mechanism may operate in species with a monogamous mating 
system in which females prefer males with nesting sites that facilitate 
extra-pair copulations, leading to the formation of colonies (Wagner 
1993). Furthermore, males in monogamous species, where females are 
dependent on paternal care, can breed with one female only. Therefore, 
not every female can pair with the preferred partner, which results in a 
high motivation of both mates to switch to a better partner if there is the 
opportunity. 
Since reduced predation is an important effect of group living (Clode 1993; 
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Krause and Ruxton 2002) vertebrates, especially fishes as well as invertebrates 
(Gammarus pulex) form larger groups in the presences of predators (Kullmann 
et al. 2008). Therefore, predation should also influence group living in colonial, 
monogamous species. However, (Krebs 1971) and (Dunn 1977) found that 
individuals within a colony are liable to suffer higher predation pressure 
compared to pairs breeding in solitary nests. In colonial species whose main 
defence is to avoid detection, predation seems to favour spacing out. On the 
other hand in species with communal defence the efficiency may increase with 
the numbers of defenders. This should result in “solitary individuals” in 
vulnerable species and “colonial individuals” in species with communal defence 
(Andersson and Wiklund 1978). On the other hand (Varela et al. 2007) suggest 
that colonies provide safety but the benefits of group defence have not 
outweighed the cost of increased conspicuousness to predators.  
Besides group size, predation can also cause behavioural changes such as 
changes in foraging efficiency (Milinski and Heller 1978), activity level 
(Johansson and Andersson 2009), or individuals behaving more uniformly 
(Szulkin et al. 2006). 
So far hypotheses on colony formation have been investigated mainly in bird 
species. However, breeding colonies are not restricted to birds, also fish form 
colonies (Dominey 1983). An advantage of fish is that they are easier to rear in 
captivity as well as to manipulate in experimental conditions.  
We used Neolamprologus caudopunctatus (Poll 1978) to investigate colony 
formation in fish (picture 1). N. caudopunctatus is a monogamous biparental 
substrate breeding cichlid endemic to Lake Tanganyika. N. caudopunctatus 
pairs mate body size assortative. They have no sexual dimorphism except that 
males grow up to 7.5cm total length (TL) and females up to 6.5cm TL. N. 
caudopunctatus breeds in dense aggregation and feed exclusively on plankton 
(Ochi and Yanagisawa 1999). 
Schädelin & Wagner (unpl. data) found in Lake Tanganyika a colony containing 
150 breeding pairs. 60% of the breeding pairs bred in a stone cavity and 40% 
bred in a snail cavity. Their preliminary observations suggest that all snail 
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cavities were at the borders of the colony. The main prediction of the hidden lek 
hypothesis is that pairs settle next to each other to be near other conspecifics 
(Wagner 1993). Following this idea, pairs should claim cavities even of lower 
quality, if they are near conspecifics. Therefore we investigated if N. 
caudopunctatus prefer to breed in cavities rather than snail shells. To answer 
this question we performed the habitat selection experiment. We further 
investigated if there is an advantage in settling near neighbours by gaining 
assistance to mob predators. Therefore we performed the aggregation 
preference experiment. For the last two questions, if the aggregation density of 
N. caudopunctatus differ depending on predation and if N. caudopunctatus 
switch to better mates if they have the opportunity we performed a third 
experiment entitled the aggregation pattern experiment (table 1) 
 
Table 1: Questions and corresponding experiments regarding colony formation 
in N. caudopunctatus. 
Questions Experiment 
Is there a preference for a type of 
breeding cavity in N. caudopunctatus? Habitat selection experiment 
Does N. caudopunctatus prefer to 
breed near neighbours? Aggregation preference experiment (a)
Does N. caudopunctatus benefits from 
neighbours assisting to mob 
predators? 
Aggregation preference experiment (b)
Does the breeding density of N. 
caudopunctatus differ depending on 
predation? 
Aggregation pattern experiment (a) 
Does N. caudopunctatus switch to 
better mates if they have the 
opportunity? 
Aggregation pattern experiment (b) 
 
4. Materials and Methods 
4.1 Study species 
We used N. caudopunctatus from Lake Tanganyika, caught between September 
and October 2006 near Mpulungu, Zambia, Africa. We kept them in the 
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laboratory in sex-separated tanks, with temperatures ranging between 26°C and 
28°C and fed them with frozen food (Artemia sp., Cyclops sp., red mosquito 
larvae, and Daphnia sp.) as well as flakes for tropical fish. After three months of 
acclimatisation the fish were used for experiments. Prior to all experiments we 
measured total length (TL), standard length (SL), height (H) and weight (W) of 
every fish. 
For predators we used two wild caught carnivorous fish from Lake Tanganyika, 
caught between September and October 2006. We used two species of 
predators to obtain a semi-natural predation pressure with predators, which 
prey on adult N. caudopunctatus (Lepidiolamprologus elongatus) and predators, 
which prey on eggs and fry (Lamprologus callipterus).  
• Lepidiolamprologus elongatus (Boulenger 1906) (picture 2) is a rock 
dwelling cichlid endemic to Lake Tanganyika. Males grow to 32.5 cm TL; 
females are slightly smaller than males. Their diet is carnivorous and 
they prey on fish and other small animals. In these experiments we used 
juveniles of the F1-generation sized between 5cm to 7cm TL. L. 
elongatus were always selected to be smaller than the smallest N. 
caudopunctatus to avoid them preying on N. caudopunctatus. 
• Lamprologus callipterus (Boulenger 1906) (picture 3) is a snail dwelling 
cichlid endemic to Lake Tanganyika. Females grow to 6cm TL and males 
to 15.4cm TL. It feeds mostly on crustaceans and other invertebrates but 
also on fry or fish eggs. For these experiments we used adult males 
sized between 10cm and 15cm TL. 
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Picture 1: A pair of N. caudopunctatus defending their cavity entrance (Photo: 
Stefanie Schwamberger) 
 
 
 
Picture 3: A single L. elongatus inside an aquarium (Photo: Katrin Widhalm) 
 
 
 
Picture 2: In the foreground a single L. callipterus and in the background two L. 
elongates (Photo: Stefanie Schwamberger) 
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4.2 Habitat selection experiment 
In a 400l aquarium (figure 1), one side of the tank was equipped with nine half 
flower pots and the other side with nine empty snail shells (Neotauma sp.).  
We released a male and a female of N. caudopunctatus and observed pair 
formation as well as their choice of a breeding habitat. We alternated the sides 
of the breeding habitats between trials to control for side preferences. The 
choice was fulfilled when the pairs laid eggs and offspring were visible and 
outside of the cavity. To test if pairs would accept snail shells as potential 
breeding cavities we provided both sides of the tank with Neotauma sp. shells. 
We performed six treatment trials and four control trials to asses the preferred 
habitat of N. caudopunctatus. 
 
 
Figure 1: Habitat selection setup. A 400l aquarium equipped with half flower 
pots on one side and empty snail shells (Neotauma sp.) on the other side to see 
which breeding habitat N. caudopunctatus prefers.  
 
4.2 Aggregation preference experiment 
4.2.1 Breeding site preference 
The experimental setup consisted of a central aquarium (400l) with two adjacent 
tanks (50l) at its sides. In one of the two side tanks we placed a male and a 
female of N. caudopunctatus, as the demonstrator pair, to establish their 
breeding cavity. Half flower pots served as potential breeding sites. We used 
both side tanks alternately to exclude side preferences (figure 2). After three 
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days we tested whether the male and female formed a pair by presenting them 
small intruders in a transparent plastic tube directly in front of their breeding 
cavity. We used young N. caudopunctatus which are conspecific egg predators, 
sized between 1.5cm and 2cm TL, as intruders. Each intruder test lasted for five 
minutes including two minutes of acclimatisation and three minutes of 
observation. We noted the frequency of the attack rates by single male, single 
female and male and female simultaneous attacks. Once males and females of 
the demonstrator pair attacked the intruders with a minimum of five times, pair 
formation was confirmed. If we observed no attacks after six days we 
terminated the trial and began another trial with another demonstrator pair.  
After pair formation, we released the test pair, which was transferred from a 
separate aquarium starting to form a pair at the same time as the demonstrator 
pair, in the central tank. In this tank the test pair could choose between two 
potential breeding sites, one next to the demonstrator pair and one next to the 
other, uninhabited side tank. Directly after releasing the test pair, we observed 
them for one hour. We recorded the location of each individual every minute by 
dividing the central tank into three sections: two preference zones, next to the 
two side tanks (each 21.5cm x 62cm) and one neutral zone, between the two 
preference zones (82.5cm x 62cm) (figure 2). 
Subsequently, we checked daily if the test pair settled close to the neighbour or 
not by recording the progress of the building activity. We wrote down the final 
building activity using six different categories from 0 (no building activity) to 5 
(completely filled flowerpot) (table 2). After 14 days or after egg laying, if it 
occurred earlier, we determined if the test pair had formed using the intruder 
test. We presented the intruders in front of both potential breeding cavities in 
the central tank to check which cavity was included in their territory and in cases 
where they didn’t lay eggs, to assess which flower pot they had chosen as their 
breeding cavity. On the same day we recorded the location of the test pair for 
three minutes after one minute of acclimatisation. We measured the time each 
individual spent within the preference zones, for each zone separately (figure 
2).  
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The larger fish were always used as demonstrator pairs to enhance the 
attractiveness of this pair compared to the smaller test pair. We performed 15 
trials to examine the potential preference of N. caudopunctatus to breed near 
neighbours. 
 
Table 2: Building categories with corresponding building activities of N. 
caudopunctatus 
Building category Building activity 
0 no building activity 
1 ¼ sand filled flower pot 
2 half sand filled flower pot 
3 ¾ sand filled flower pot 
4 cavity finished; entrance the size of the female 
5 completely filled flower pot 
 
4.2.2 Mobbing 
On the 13th and 14th day we carried out predator presentations to investigate the 
attack rates of both pairs on four predator locations. We presented the now 
established pairs small L. elongatus in a round plastic tube at different locations 
within the tanks. To compare combined attacks of both pairs with single attacks 
from each pair, we placed the presentation tube in four different positions: (1) 
between the demonstrator pair and the test pair inside the central tank 
(neighbour side/test pair), (2) inside the side tank next to the demonstrator pair, 
but on the far side of the test pair (single side/demonstrator pair), (3) between 
the demonstrator and the test pair, but within the side tank (neighbour 
side/demonstrator pair) and (4) inside the central tank next to the test pair, but 
on the far side of the demonstrator pair (single side/test pair, figure 2). Each 
presentation lasted for ten minutes and was recorded using digital video 
cameras. Afterwards all experiments were analysed using The Observer© XT 
7.0. The observed behaviours included fin spreading, approach (approaching 
the presentation tube without contact), attack (approaching the presentation 
tube with contact), bars (changing the skin colour) and head down (swimming in 
a head down position). We performed 11 predator presentation trials within 
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these 15 breeding site preference trials. 
 
 
Figure 2: Aggregation preference experiment setup with a central aquarium 
containing two potential breeding cavities and the test pair. Adjacent to the 
central aquarium there were two side tanks. One side tank contained a breeding 
cavity and the demonstrator pair, the other an empty potential breeding cavity. 
Shark-symbols indicate the four positions of the predator presentations.  P: 
preference zones and N: neutral zone while assessing the location of the test 
pair 
 
4.3 Aggregation pattern experiment 
In this experiment we investigated the settling pattern of N. caudopunctatus in a 
semi-natural environment. We used a 3.7m diameter round tower tank with a 
water height of 1m. We equipped it with 68 potential breeding sites to 
investigate if and under what conditions N. caudopunctatus would aggregate 
their breeding cavities. Again half flowerpots were used as breeding cavities. 
Every flowerpot was placed on a 23cm trivet filled with a 2.5cm layer of sand 
(figure 4). To obtain different environmental conditions we performed two 
treatments. In a random order we observed the settlement pattern of N. 
caudopunctatus with additionally six predators (three L. callipterus and three L. 
elongatus) or without predators. 
In each trial we released six males and six females of N. caudopunctatus and 
checked daily where the pairs settled. For individual identification each fish was 
marked with Elastomere, using six different body sections. The fish received 
subcutaneous injections and each location represented a number ranging from 
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one to six. Using different colours, we were able to tag each fish individually 
(figure 3). 
 
Figure 3: We used subcutaneous injections of Elastomere to identify each fish 
individually. We used three locations next to the anal fin and three locations 
next to the dorsal fin for marking. Each location represents one number and by 
using different colours we could mark every fish uniquely 
 
We observed pair behaviours (table 3) as well as the building activity using the 
same building rate categories as in the aggregation preference experiment. To 
assess the first day of pair formation we observed every day the behaviours of 
all fish. After we observed pair behaviours and the pair indicated a preference 
for a specific breeding cavity we verified the choice using the intruder test. We 
defined pair formation day as the first day we observed pair behaviours and 
attacks against the intruders with a minimum of five times. Each trial lasted for 
14 days and every pair formed in this period was recorded. After pair formation 
was confirmed, we estimated the territory size of each pair. We placed the 
presentation tube in front of every potential breeding cavity and observed which 
pair attacked it. In the end we calculated the Aggregation Index (Clark and 
Evans 1954) to assess if N. caudopunctatus pairs aggregate. We performed 
seven trials with and seven trials without predation to investigate the 
aggregation pattern of N. caudopunctatus. 
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4.3.1 Removals 
After 14 days, we performed a removal experiment. On two following days one 
male or one female was removed from the tank. Twenty-four hours later we 
investigated the behaviour of the abandoned mate. We observed whether the 
remaining mate found a new partner or not, and thereafter reinserted the 
removed individual. Again 24h later we checked what happened with the 
reinserted individual. Within the aggregation pattern experiment, we removed 
14 individuals. 
 
Table 3: Behaviours indicating pair formation in N. caudopunctatus 
building activity 
• sand transfer out of the cavity 
• sand transfer into the cavity 
location of males and females 
• swimming close together 
• swimming next to the cavity 
defence behaviours 
• bars 
• fin-spreading 
• attacks 
courtship behaviours  
• dive down 
• circling 
 
 
 
Figure 4: Top view of the 3.7m diameter tower tank. Small circles show the 68 
potential breeding sites. The rectangle shows the base of the ladder used for 
accessing the tank. The grid of horizontal and vertical lines is an old fishnet, 
placed below the trivets to create a coordinate system. 
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4.4 Statistical Analysis 
All statistical analysis were done using SPSS© 16 and Microsoft© Excel 2008 for 
Macs. For non-parametric data we used a Mann-Whitney U test or a Wilcoxon 
signed-rank test and for parametric data we used a paired Student t-test to 
compare groups. We used the one sample Kolmogorov-Smirnov test to assess 
the distribution of the data. 
To calculate the Aggregation Index (R), we followed the procedures explained in 
(Clark and Evans 1954). We calculated the Aggregation Index by dividing an 
observed distribution (rA) by a random distribution (rE) (figure 5). To compare 
both distributions statistically, we used the standard variate of the normal curve 
(c) (figure 6). A c bigger than 1.96 indicates a p-value lower than 0.05. 
 
        
Figure 5: Aggregation Index (R) was calculated by dividing the observed 
distribution (rA) by a random distribution (rE). ∑r Æ the summation of the 
measurements of distance to nearest neighbour, N Æ number of breeding pairs, 
ρ Æ the density of the observed distribution expressed as the number of 
individuals per unit of area 
 
   
Figure 6: Standard variate of the normal curve to compare distributions 
statistically. N Æ number of breeding pairs, ρ Æ the density of the observed 
distribution expressed as the number of individuals per unit of area 
 
5. Results 
5.1 Habitat selection experiment 
In all six trials the pairs chose a pot as a breeding cavity (binominal test, N1=6, 
N2=0, p=0.031).  
Within the control treatment with only snail shells all pairs accepted this habitat 
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and laid eggs inside one of the snail shells. 
5.2 Neighbour experiment 
5.2.1 Breeding site preference 
13 out of 15 pairs chose the breeding cavity next to the neighbour (binominal 
test, N1=13, N2=2, p=0.007). 
All test pairs spent more time (N=15, Wilcoxon Z=-3.237, p=0.001), attacked 
more (N=15, Wilcoxon Z=-2.840, p=0.005) and built more (N=15, Wilcoxon Z=-
2.689, p=0.007) next to the neighbour. (figure 7, figure 8, figure 9). In 15 trials, 
11 pairs laid their eggs inside the pot, where they attacked (N=11, Wilcoxon Z=-
2.934, p=0.003), built (N=11, Wilcoxon Z=-2.831, p=0.005) and spent more time 
(N=11, Wilcoxon Z=-2.934, p=0.003). Moreover, the test pair spent more time 
next to the neighbour within the first hour of the experiment (N=15, Wilcoxon 
Z=-2.803, p=0.005, figure 10).  
Demonstrator pairs and focal pairs differed significantly within the standard 
length (N=15, t=2.660, p=0.019). Demonstrator pairs were larger in mean pair 
size of both pairs (figure 11). 
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Figure 7: Box plot showing median, interquartile range and whiskers indicating 
the range of the data. Stars symbolise extreme outliers (more than 3x 
interquartile range). The figure shows the time that test pairs spent next to the 
neighbour and next to the empty breeding cavity (N=15, Wilcoxon Z=-3.237, 
p=0.001)  
 
 
Figure 8: Box plot showing median, interquartile range and whiskers indicating 
the range of the data. Open circles symbolise moderate outliers (between 1x 
and 3x interquartile range). The figure shows the attack rate of test pairs next to 
the neighbour and next to the empty breeding cavity (N=15, Wilcoxon Z=-2.840, 
p=0.005) 
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Figure 9: Box plot showing median, interquartile range and whiskers indicating 
the range of the data. Open circles symbolise moderate outliers (between 1x 
and 3x interquartile range) and stars symbolise extreme outliers (more than 3x 
interquartile range). The figure shows the nest quality next to the neighbour and 
next to the empty breeding cavity (N=15, Wilcoxon Z=-2.689, p=0.007) 
 
 
 
Figure 10: Box plot showing median, interquartile range and whiskers indicating 
the range of the data. The figure shows the location of the test pairs within the 
first hour of the experiment (N=15, Wilcoxon Z=-2.803, p=0.005) 
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Figure 11: Error bar showing the mean pair size of demonstrator- and test pairs 
(N=15, t=2.660, p=0.019) 
 
5.2.2 Mobbing 
The test pair decreased the attack rates at the neighbour side compared to the 
far from neighbour side position (N=11, Wilcoxon Z=-2.934, p=0.003, figure 12). 
There was no significant difference in attack rates between the far from 
neighbour side and neighbour side when the attack rates of demonstrator- and 
test pair were combined at the neighbour side position (N=11, Wilcoxon Z=-
0.489, p=0.624, figure 13) 
The demonstrator pair attacked more at the neighbour side position compared 
to the far from neighbour side position (N=11, Wilcoxon Z=-2.136, p=0.033 
figure 14). After combining the attack rates of both pairs there was no difference 
due to very low attack rates of the test pair at the neighbour side position (N=11, 
Wilcoxon Z=-0.489, p=0.624, figure 15). 
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Figure 12: Box plot showing median, interquartile range and whiskers indicating 
the range of the data. The figure shows the attack frequency of test pairs at the 
neighbour side and far from neighbour side position (N=11, Wilcoxon Z=-2.934, 
p=0.003) 
 
 
 
Figure 13: Box plot showing median, interquartile range and whiskers indicating 
the range of the data. The figure shows the attack frequency of demonstrator 
pairs at the far from neighbour side position as well as the attack frequency of 
demonstrator- and test pairs combined at the neighbour side position (N=11, 
Wilcoxon Z=-0.489, p=0.624) 
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Figure 14: Box plot showing median, interquartile range and whiskers indicating 
the range of the data. The figure shows the attack frequency of demonstrator 
pairs at the far from neighbour and neighbour side position (N=11, Wilcoxon Z=-
2.136, p=0.033) 
 
 
Figure 15: Box plot showing median, interquartile range and whiskers indicating 
the range of the data. The figure shows the attack frequency of demonstrator 
pairs at the far from neighbour position as well as the attack frequency of 
demonstrator- and test pairs combined at the neighbour position (N=11, 
Wilcoxon Z=-2.134, p=0.033) 
 
 Results 
 
- 24 - 
5.3 Aggregation pattern experiment 
Pairs did not statistically aggregate (without predation: Aggregation Index: 
R=1.358, c=1.706, p>0.05; with predation: Aggregation Index R=1.398, 
c=1.641, p>0.05). However, we found behavioural changes between the two 
treatments: without predation the building activity was much higher, which 
resulted in a higher nest quality (N=73, Mann-Whitney U=475.5, p=0.024, figure 
16). Furthermore, the attack rates differed between the two treatments. Males 
(N=57, Mann-Whitney U=202.0, p=0.005, figure 17), as well as males and 
females together (N=57, Mann-Whitney U=189.0, p=0.002, figure 18) attacked 
more without predation. 
 
 
 
 
Figure 16: Box plot showing median, interquartile range and whiskers indicating 
the range of the data. Open circles symbolise moderate outliers (between 1x 
and 3x interquartile range). The figure shows the nest quality with and without 
predation (N=73, Mann-Whitney U=475.5, p=0.024) 
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Figure 17: Box plot showing median, interquartile range and whiskers indicating 
the range of the data. The figure shows the attack frequency of males with and 
without predation (N=57, Mann-Whitney U=202.0, p=0.005) 
 
 
 
 
Figure 18: Box plot showing median, interquartile range and whiskers indicating 
the range of the data. Open circles symbolise moderate outliers (between 1x 
and 3x interquartile range). The figure shows the combined attack frequency of 
males and females with and without predation (N=57, Mann-Whitney U=189, 
p=0.002) 
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5.3.1 Removals 
We performed 14 removals in total, whereby one male and 13 females where 
removed. Four where performed without predation and nine within the predation 
treatment. The males of these 13 females remained in 11 cases alone and two 
males mated with other partners. The female of the single male removal 
became the second mate of another male (table 4). 
In nine cases we reintroduced the removed individual. In one case the 
reintroduced individual switched to a new partner. This was caused by the fact 
that the old partner paired with a new female and therefore the female was 
forced to mate with another male. All the others remained with their original 
partners (table 4). 
 
Table 4: Summary of all 14 removals performed within both treatments. 
sex of removed 
individual 
partner response 
response after 
reinsertion 
1x male female became the second female no reintroduction 
2x females males mated with other females no reintroduction 
2x females stayed alone no reintroduction 
8x females stayed alone back to old partner
1x female stayed alone new partner 
 
6. Discussion 
6.1 Habitat selection experiment 
Although N. caudopunctatus pairs accept snail shells as breeding cavities, they 
strongly preferred to breed in flower pots. However, in the field only 60% of the 
breeding pairs within a colony bred in stone cavities. This may indicate that 
there are other factors besides the breeding cavity influencing the choice of a 
breeding site of pairs. One possibility is that N. caudopunctatus try to breed 
near neighbours with less regard to the habitat. Another possible explanation is 
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that stones are limited and N. caudopunctatus pairs have to breed in snail shells 
because there are no unoccupied stones left. This may not be the case 
because stones are very frequently distributed in the breeding habitat of N. 
caudopunctatus (pers. observation). This may imply that snail shells are closer 
to neighbours compared to the next available stone cavity and therefore more 
attractive.  
6.2 Aggregation preference experiment 
Given the choice, N. caudopunctatus clearly prefer to breed near conspecifics. 
All pairs laid eggs in the breeding cavity, where they built, stayed and attacked 
more. This shows that three of our criteria to assess the preferred breeding 
cavity are valid. Furthermore, we found a preference for the neighbour side of 
the central tank even within the first hour of the experiment. This may indicate 
that they choose their breeding site immediately after being released, which 
resulted in the preference for the neighbour within the first hour. Alternatively, 
the pairs prefer to join a group, which could also lead to an immediate 
preference to stay next to the neighbouring pair. In this experiment we cannot 
distinguish between these two alternatives. Therefore it was important to 
validate the building activity, attack rates and egg laying frequencies in the latter 
course of the experiment.  
6.2.1 Mobbing 
N. caudopunctatus prefer to breed near neighbours and benefit from them 
assisting to mob predators. We found that the test pair benefits by reducing its 
own attack rates while benefitting from the same predator threat. (Clode 1993) 
suggested that many animals live in groups for protection against predators. For 
example group defence enables pairs to defend territories, which single pairs 
alone cannot defend. Here we do not show an increase in predator threat due to 
communal defence, rather we show that pairs benefit from neighbours by a 
reduced per capita attack rate with a constant predator threat. Similarly, (Davies 
and Houston 1981) found that in pied wagtails (Motocilla alba) territory owners 
benefited from satellites helping to defend their territories and reducing the per 
capita attack rates of territory owners. 
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While communal defence, especially mobbing, is widespread, particularly within 
birds (Wheatcroft and Price 2008), and some studies show a decrease in 
predator attacks due to communal defence within a group (Hass and 
Valenzuela 2002; Krause and Ruxton 2002), studies showing an immediate 
benefit for mobbers themselves are rare. Studies showing benefits for the first 
individual starting a mob deal with learning capacities and show that the initiator 
can gain or spread knowledge about a predator. For example (Curio et al. 1978) 
showed that captive European blackbirds (Turdus merula) benefited from 
mobbing due to cultural transmission of enemy recognition. In addition 
(Kobayashi 1996) found that during mobbing, Siberian chipmunks (Eutamias 
sibiricus), obtain beneficial information about snakes.  
In fishes only descriptive evidence exist for mobbing behaviours (Dominey 
1983; Eibl-Eibesfeld 1962; Fricke 1973; Hein 1996; Ishihara 1987). Our results 
show the first experimental evidence of mobbing benefits within fishes to our 
knowledge. 
The demonstrator pair showed an increase of attack rates next to the neighbour 
position. We would expect that similar to the test pair, this pair should also 
benefit from their neighbours defence behaviour. However, they did not reduce 
but even increased their attack frequency on the side of the neighbouring pair. 
One possible reason could be that the demonstrator pair established their 
breeding cavity before the test pair was introduced. In the first three days, the 
demonstrator pair didn’t have any neighbours and could claim apparently 
(because of the glass wall between the two aquariums) a bigger territory. After 
releasing the test pair, the demonstrator pair, cannot defend this territory 
physically and is therefore unable to force the test pair to breed outside their 
(apparent) territory. The only possibility the demonstrator pair has to intimidate 
the newcomers is to increase their attack frequency. This assumption has to be 
tested with another experiment. The first step would be to place both pairs at 
the same time inside the two aquariums. The next step would be, to use a setup 
without the separating glass walls between the two pairs. Without the glass 
walls the two pairs can interact physically and the demonstrator pair may force 
the test pair, at least occasionally, to breed next to the empty side aquaria. 
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An alternative explanation may be the significant difference in the standard 
length of both pairs as the demonstrator pair was always bigger then the test 
pair. Therefore the attractiveness to breed near the more dominant 
demonstrator pair may be much higher then to breed near the possible inferior 
test pair. This could result in an increased demonstrator attack rate next to the 
unwanted neighbour. 
The third possible explanation may be found in the experimental setup. The 
small side aquarium has on one side a black wall where no other potential 
breeding cavity or conspecific was visible. This may result in a decreased 
interest of the demonstrator pair to enlarge this side of their territory. Therefore 
the far from neighbour position may be situated at the periphery or even outside 
the territory of the demonstrator pair, resulting in the lower attack rates. These 
methodological circumstances may explain the low attacks at the far from 
neighbour position, but do not give a plausible explanation for the vigorous 
attacking on the neighbour side position. 
6.3 Aggregation pattern experiment 
Our analyses did not reveal any evidence for an aggregated settling pattern of 
N. caudopunctatus. This is in contrast to the aggregation preference 
experiment, where we found a clear preference to settle near neighbours. 
However, in the aggregation pattern experiment, we released all individuals 
simultaneously. Maybe only pairs, which already claimed a territory, are 
attractive to other pairs. If pairs claim their territories simultaneously as did 31 
out of 109 pairs, it may result in a random distribution pattern. For example, in 
cliff swallows (Petrochelidon pyrrhonota) the first settlers arriving at a colony 
site spaced themselves further away compared to later arrivals, but didn’t 
maximize nearest neighbour distances. The final close spacing of nest sites was 
only due to the late arrivals, benefiting more from neighbours than earlier 
settlers. Later arrivals seem to be younger birds compared to earlier arrivals 
and younger birds may be more dependent on information about potential 
breeding habitats from close neighbours (Brown and Brown 2000). 
Furthermore in our tower tank experiment the free pair formation opportunities 
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may have lowered the changes of ending up with a mismatched or unsuited 
mate. This may decrease the urgency to switch mates and therefore close 
neighbours, as potential switching partners are less needed. A good control for 
these two factors would be to repeat the experiment and releasing the pairs 
sequentially instead of simultaneously. 
An alternative explanation could be that territory defence was not really costly in 
this setup and pairs could defend their territories on their own without the help 
of neighbours. Additionally, the density of the pairs may have been very low as 
the territories were extremely large compared to territories within other 
experimental setups (pers. observation). Thus, the low cost of maintaining and 
defending a large territory may have reduced the benefits of having close 
neighbours considerably and subsequently covered the natural aggregation 
tendency of this species.  
Another reason why territory defence may have been less costly could be that 
the predation pressure was not effective. Maybe the predators were already so 
accustomed to be fed that they did not hunt for live fish anymore. Or a short but 
intense presentation of the predators would be more natural compared with a 
continuous obvious predator presence. 
Although, we could not detect any effect of predation on the settling pattern we 
found behavioural differences. Without predation the nest quality was higher 
and males as well as pairs, attacked more compared to the predation treatment. 
This is evidence for a general lower activity at the presence of predators. Such 
a reduction of the activity could be an adaptive response to predators as it 
results in fewer predator prey encounters or the energy can be invested in 
somatic growth to be less vulnerable to predators (Johansson and Andersson 
2009). 
Phenotypic plasticity is the ability of a given genotype to produce different 
phenotypes in response to distinct environmental conditions (Pigliucci 2001). 
We are not aware of a habitat of N. caudopunctatus without these two predators 
(L. callipterus, L. elongatus) because all three species are endemic to Lake 
Tanganyika (Konings 1998). However, as it is known that animal populations 
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can fluctuate over longer and shorter time intervals (Begon et al. 1995), 
predation pressure could cycle and in times of lower predator abundance a 
faster activity rate could be advantageous. Furthermore, predators may be able 
to detect prey depending on the habitat type. Consequently in habitats that 
allow predators to detect more species, a higher abundance of predators can be 
expected compared to habitats where prey remain undetected (Hopcraft et al. 
2005). Therefore, pairs within a habitat of higher prey detection rate behave 
more cautiousness than pairs within a habitat of low prey detection rate. Both 
suggestions however would predict an advantage for breeders, which can 
change their behaviours corresponding to the degree of predation pressure. 
6.3.1 Removals 
(Wagner 1993) suggests that colony formation may be a by-product of sexual 
selection. In a monogamous colonial breeding species females may force their 
mates to breed near neighbours to obtain extra-pair fertilizations (EPF). On the 
other hand if EPF possibilities are low males and especially females within a 
breeding colony should switch to better partners if they have the opportunity. 
With our experimental design we could not detect any evidence that individuals 
breed near neighbours to acquire switching possibilities. Again, the free pair 
formation opportunities and simultaneous pair formations could have lowered 
the switching motivation of pairs. Moreover only one reintroduced individual 
could mate with a new partner. So it may be that mating is very costly for N. 
caudopunctatus pairs and the time interval of 24 hours to find a new mate is 
rather short compared to the trial duration of 14 days where pairs could mate 
and obtain a breeding cavity.  
Contradicting to our findings, Schädelin & Wagner (unpl. data) couldn’t show 
any genetic evidence in a field survey for EPFs within a colony of 150 pairs. 
This means that switching possibilities should be higher in nature due to more 
limited pair formation possibilities, a higher change of ending up with a 
mismatched mate and low EPFs. 
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7. Conclusions 
Observations in the field reveal that Neolamprologus caudopunctatus breed 
under stones as well as snail shells. Moreover snail shells seem to be 
concentrated at the edges of a colony and therefore may be a habitat of lower 
quality. Conducting a choice experiment, we found that N. caudopunctatus has 
a preference for a specific cavity type. This may indicate that pairs obtaining a 
habitat of lower quality in the field try to breed near neighbours regardless of the 
habitat. Indeed, we found that N. caudopunctatus pairs prefer to breed near 
neighbours and furthermore benefit from them assisting to mob predators. 
Comparing single attack rates and combined attack rates with a neighbour, we 
found that pairs decreased their attack frequencies if attacking with a 
neighbouring pair. While the amount of predator threat remains the same, as 
the neighbours compensated the missing attack rates. Therefore mobbing 
benefits may be an important factor concerning group living in N. 
caudopunctatus. Another hypothesis suggest that colonial breeding may be a 
by-product of mate choice as well as obtaining extra-pair fertilizations. Therefore 
partner-switching motivations within a colony are high and switching should 
occur immediately after an individual possess the opportunity. In our experiment 
we could not find any evidence for switching motivations indicating that 
obtaining switching possibilities may have lower impacts on colony formation 
compared to mobbing benefits. Again, our setup did not provide a strong test of 
switching possibilities. 
We could show that N. caudopunctatus pairs breeding in colonies benefit from 
neighbours assisting to mob predators. With our experimental setup, we 
suggest that mobbing benefits seem to have a higher influence on colony 
formation in N. caudopunctatus compared to the chance of obtaining switching 
possibilities. Contradicting, in nature switching motivations might be higher due 
to free pair formation possibilities, a higher change of ending up with a 
mismatched partner and a low rate of extra-pair fertilizations. 
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